Purpose: Respiratory motion is one of main limitations of cardiac MRI. In this study, we evaluate the application of a motion compensation technique based on coil arrays (MOCCA) (1) for free-breathing cine MRI (2-4). Theory: The presence of motion in MRI causes changes in the k-space signal. It is possible to detect the motion by analyzing the k-space signal change caused by the motion. This motioninduced signal change is modulated by the individual sensitivity profiles of the coils and the coils serve as additional "sensors" of the motion (Figure 1) . Therefore, combining the signal from multiple coils has the potential to improve motion detection in MRI. In MOCCA, we construct the following function of k-space as a representation of the motion:
is the vector formed by concatenating the magnitudes of non-phase-encoded k-space center lines acquired from all of the coils when the object is at a reference position, and
is the vector corresponding to the position after motion. For simplicity, we herein refer to these vectors as MOCCA echoes and
as the MOCCA echo reference.
Methods:
The respiratory self-gated cine MRI sequence was based on our standard clinical 2D breath-hold SSFP cine MRI sequence with retrospective ECG-gating, except that the MOCCA echo was acquired at the beginning of each k-space segment acquisition for each cardiac phase and 4 repetitions were acquired during free-breathing. The basic idea of our MOCCA self-gating algorithm was to choose one of the 4 repetitions for each k-space segment and cardiac phase based on the CCC between their corresponding MOCA echoes and the MOCCA echo reference (described below), so that respiratory motion related artifacts are suppressed in the reconstructed cine images. The MOCCA echo reference was defined as the set of MOCCA echoes acquired during a chosen heart cycle. As the end of expiration is the longest period during a respiratory cycle and is the period when the clinical breath-hold cine MRI is performed, it is desirable to choose MOCCA echoes acquired during this period as the MOCCA echo reference. To determine the MOCCA echo reference, we calculated the average of CCC values between every MOCCA echo and all the MOCCA echoes acquired during the same cardiac phase. We then chose the heart cycle corresponding to the set of MOCCA echoes with the highest overall average CCC values. In addition to the MOCCA self-gated cine reconstruction, the first acquisition of the free-breathing cine MRI data set was used to reconstruct a free-breathing cine image without self-gating. As a comparison, the standard breath-held cine MRI was performed on the same subjects and patients. The images from 8 healthy subjects were subjectively graded by an experienced evaluator and the bloodmyocardium border sharpness was measured. The volumes (left/right ventricular enddiastolic/end-systolic volumes) and ejection fractions (EF) were measured based on MOCCA self-gated and breath-held images acquired on 15 patients referred to cardiac MR. Results: Example cine images acquired on a healthy subject with breath-hold, MOCCA selfgating and free-breathing without motion compensation are shown in Figure 2 . The sharpness and subjective image scores are summarized in Table 1 . LV and RV volumes and EF measurements based on the proposed self-gated cine MRI method are similar to breath-hold cine. The Bland-Altman analysis indicated that the 95% limits of agreement between the measurements based on the standard breath-hold cine and the proposed self-gated cine method were -7.8±15.0 ml for LVEDV, -2.7±8.7 ml for LVESV, -6.1±17.2 ml for RVEDV, -3.5±11.9 ml for RVESV, 0.4%±4.4% for LVEF, and 0.4%±5.4% for RVEF. Conclusion: MOCCA respiratory self-gating allows freebreathing cine MRI with similar image quality and clinical volume measurements with breath-hold. 
